We describe growth, longevity, sex ratio, reproductive period, and recruitment of Aegla paulensis from Jaraguá State Park, São Paulo, Brazil (23u27927.90S; 46u45932.30 W). ] for males and females, respectively. Males (mean CL 6 SD 5 11.86 6 2.79 mm) attain larger sizes than females (mean CL 6 SD 5 10.84 6 2.36 mm). Aegla paulensis reproduces twice during an estimated life span of 40.2 months for females and 33.9 months for males. Temporal variation of sex ratio showed a distinctive pattern characterized by a sequence of three distinct periods that repeated from one year to another, and which suggested that a behavioral component influence the proportion of sex in adult specimens sampled with traps during reproductive and non-reproductive periods.
INTRODUCTION
Aegla Leach, 1820 is the only extant genus in Aeglidae Dana, 1852 , and the only taxon of anomuran decapods adapted entirely to freshwater environments, such as streams, creeks, lakes, and even water bodies inside caves. There are more than 60 species described so far and all are endemic to Neotropical region of continental South America (Schmitt, 1942; Bond-Buckup and Buckup, 1994) .
Aegla paulensis Schmitt, 1942 is endemic to Brazil. The known geographic distribution of the species is limited to three different hydrographical basins: Paraiba do Sul (southern Rio de Janeiro State), Tietê (south-eastern São Paulo State), and Ribeira do Iguape (north-eastern Paraná State) (Bond- Buckup and Buckup, 1994) . Originally, Aegla paulensis was described and given subspecific ranking (5 Aegla odebrechtii paulensis) by Schmitt (1942) , based on a collection of not fully developed specimens available to him, and which he considered them as morphologically very similar to Aegla odebrechtii Müller, 1876 . Later on, Bond- Buckup and Buckup (1994) ranked the taxon to the specific level based on a larger collection of specimens that included fully adult individuals. The only study on the biology of A. paulensis was published about 45 years ago from one population located at Alto da Serra (65 23u479S; 046u189W), near Paranapiacaba, state of São Paulo, Brazil (López, 1965) . The present paper provides detailed information regarding the life cycle and the population structure of A. paulensis from Jaraguá State Park (Tietê basin), including growth, longevity, sex ratio, reproductive period and recruitment. These collections of data are important in animal population management concerning the conservation of endemic species.
MATERIALS AND METHODS

Sampling Site
Fieldwork was conducted at a 70-m-long section of the Pai Zé creek (23u27927.90S; 46u45932.30W) located at the Jaraguá State Park, a Conservation Unit Area near the city of São Paulo, Brazil. The average width of the creek section was about 1.7 m and approximately 10 cm deep. The bottom was composed by coarse gravel and partially submerged rocks of variable sizes, which provided shelter for the aeglid specimens. Hydrodynamic conditions alternate between riffles and calm water segments. The chosen section of the creek was based on previous personal field observation that it contained a fine and representative collection of specimens of Aegla paulensis. This working area remained the same during the whole study period.
Field Work
Samplings were performed monthly during a complete two-year study period (from September 2007 through August 2009). Sampling technique followed Bueno et al. (2007) and Bueno and Shimizu (2008) . Aeglid specimens were captured with the aid of 20 plastic traps randomly placed in the creek section. Commercially available dried cat food (fish flavor) was used as bait, and all traps were set late in the afternoon and checked for captured aeglid individuals in the following morning. JOURNAL OF CRUSTACEAN BIOLOGY, 31(3): 389-395, 2011 Carapace length (CL), rostrum excluded, was measured from the orbital sinus to the mid-posterior border. Carapace length with rostrum included (CLr) was measured from the distal tip of rostrum to the mid-posterior border. The relationship between the two carapace dimensions was described by the equations: ln CLr 5 0.9822ln CL + 0.1894 (r 2 5 0.9987) for males and ln CLr 5 0.9923ln CL + 0.163 (r 2 5 0.9986) for females. These equations allow the conversion of results based on CL for comparison with results from other studies where carapace length is expressed as CLr. Both carapace dimensions were measured with the aid of a digital caliper to the nearest 0.01 mm.
Sex determination was based on the position of gonopores on the coxa of the third pair of pereiopods in females and also by the presence (females) or absence (males) of pleopods (Martin and Abele, 1988) . In small juvenile specimens (6.0-7.0 mm CL), these distinctive characters were examined under a dissecting scope taken to the sampling site. Animals smaller than 6 mm CL were taken to the laboratory at the University of São Paulo and were measured with the aid of a camera lucida attached to a dissecting scope (Francisco et al., 2007) .
Except for some adult individuals deposited at the Museu de Zoologia (MZUSP # 18842) and the juveniles specimens measured in the lab, all individuals sampled during the study period were returned alive to the sampling site after data on sex, body size, and reproduction were taken.
Data Analysis
Macroscopic evaluation of late ovarian development followed Bueno and Shimizu (2008) . The reproductive period was based on the observation of ovigerous females in the population. The average size at the onset of morphometric maturity (ASOMM) for each sex (9.08 mm of CL for females and 9.92 mm of CL for males; Cohen et al. unpublished data) was employed to classify specimens as juvenile and adult individuals.
For growth analyses, monthly CL data of females and males were distributed in 0.5 mm and 1.00 mm size-class intervals, respectively. These intervals provided the most biologically coherent identification of cohorts from the temporal sequence of size class frequency distribution. Cohorts were distinguished by decomposition of polymodal distributions into normal components that was performed with the Bhattacharya method routine of the FISAT computer program (Version 1.2.0; Gayanillo et al., 2005) that also provided the mean CL of these components. Growth of each sex was described by fitting the von Bertalanffy equation (L t~L? ½1{e {k t{t0 ð Þ ) in which L t is the CL at time t, L ' is the asymptotic CL, k is the growth constant, and t 0 is the time at which L t equals zero (Bertalanffy, 1938) on mean CL vs. time plots with the aid of the CAJUS computer program (Version 94.3, Santos, 1994) . Since the reproductive period of A. paulensis is strongly seasonal (see results), the time at birth (t 5 0), which is necessary for estimating monthly ages of the cohorts for somatic growth analysis, was established as the month near the end of the reproductive period at which the percentage of ovigerous females decreased to less than 50% of the adult females sampled. The size of CL at birth was estimated as the mean CL of newly hatched juveniles (n 5 42) obtained under laboratory condition and measured according to procedures described by Francisco et al. (2007) . Longevity was estimated, separately for each sex, by interpolation of the respective growth curve, employing the values of the 95% percentile from the overall CL dataset (CL 95 ) of each sex.
Carapace lengths between males and females were compared with the t test for unequal variances (Welch test). The occurrence of sex ratio differing from 1:1 was checked with the Yates-corrected goodness-of-fit chi-square test on data from adult specimens.
All statistical analyses (a 5 0.05) were based on the procedures described by Zar (1996) .
RESULTS
A total of 5169 individuals (3231 males and 1938 females) were captured by traps and measured during the studied period. Overall frequency distribution of males and females are shown in Figure 1 . Males attained larger size than females (t 5 13.983; P % 0.05). Carapace length (CL) varied from 3.5 mm to 18.84 mm (mean CL 6 SD 5 11.86 6 2.79 mm) for males and from 4.0 mm to 17.12 mm (mean CL 6 SD 5 10.84 6 2.36 mm) for females.
Overall sex ratio was skewed towards males (0.60 females per male, x 2 5 323.44; P % 0.05). Very similar proportions were verified among juveniles (0.58 females per male, x 2 5 89.64; P % 0.05) and adults (0.61 females per male, x 2 5 234.22; P % 0.05), suggesting that the observed pattern remains unchanged through different life cycle stages (contingency x 2 5 234.22; P 5 0.52). Temporal variation of sex-ratio of adult individuals showed a clear pattern that was characterized by a sequence of three distinct periods that repeated itself from one year to another ( Fig (Fig. 2B ). In July, ovigerous females comprised less than 50% of the adult females sampled (22.86% and 34.29% in 2008 and 2009, respectively) , indicating that the hatching of juveniles in the population is most intense in this period (Fig. 2B ). For this reason, July was considered as the month of birth (t 5 0) for somatic growth analysis. The mean 6 SD CL of newly hatched juveniles obtained in laboratory conditions was 1.44 mm 6 0.05 mm. The reproductive pattern described herein indicates that a single egg batch and a single recruitment pulse are produced per year.
The temporal sequences of frequency distributions in CL classes for males and females are shown in Figure 3 . Detection of a new juvenile cohort in samples (traps) began 3-4 months after actual hatching period. During the two-year study, four and five distinct cohorts of males and females were respectively recognized (Fig. 4) . The adjusted growth curves are shown in Figure 5, as 33.87 months (2.82 years) and 40.24 months (3.35 years), respectively. Sexes attained morphometric maturity at similar ages (males: 14.1 months; females: 14.5 months) by September-October of the year following their birth. Since the markedly seasonal reproductive period began in March, they took 19-20 months to attain functional maturity and mate. Considering the longevity of approximately 3 years it becomes clear that a cohort of A. paulensis live long enough to reproduce twice during its lifetime. This is confirmed by the occurrence of two sexually functional adult cohorts in samples obtained during the reproductive period at any given year (Figs. 3, 4) . During the second reproductive period, older reproductive males gradually die out after mating, while older reproductive females outlive males by approximately 6 months, and gradually die out after the reproductive period is completed and a new cohort is produced.
DISCUSSION
Compiled data on aeglids (Table 1) show that males attained larger size than females in all species except Aegla franciscana Buckup and Rossi, 1977 , in which the largest female was slightly larger than that of the largest male. However, median size of males was larger than that of females (Gonçalves et al., 2006) . Body size dimorphism commonly occurs in many decapods and in the case of aeglids it has been interpreted (Swiech-Ayoub and Masunari, 2001b; Noro and Buckup, 2002; Fransozo et al., 2003; Boos et al., 2006; Silva-Castiglioni et al., 2006; Gonçalves et al., 2006; Silva-Gonçalves et al., 2009 ) in terms of the general explanation given by Hartnoll (1985) which is based on difference in allocation of resources by males and females (females divert significant amount of energy to reproduction while males continually allocate energy to growth) and/or to lower growth rate of females due to the longer intermolt period during egg incubation. Other possible causes of size dimorphism that has been suggested for species of Aegla are: differences of growth rate per se (Bahamonde and López, 1961) , mortality, migration, responses to environmental conditions (Gonçalves et al., 2006) , and resource use (Silva- Gonçalves et al., 2009 ) between males and females.
Although the above mentioned factors might actually influence size difference among sex in aeglids, we propose sexual selection favoring large males as an additional (and possibly complementary) factor considering that: 1) males of some species (Colpo, 2005; Viau et al., 2006; Bueno and Shimizu, 2009 ) including A. paulensis here studied (Cohen et al., unpublished data) exhibited marked increases in allometry level of chela dimensions after the pubertal molt; 2) this increment in the relative chela size resulted in strong chela size sexual dimorphism in at least two of these cases (Bueno and Shimizu, 2009; Cohen et al., unpublished data) . 3) males used chelae (at least the larger one) in aggressive interactions with other males during mating period (Viau et al., 2006) , and in mating behavior, including lifting and rotating female's body (Almerão et al., 2010) . According to Shine (1989) the occurrence of sexual dimorphism in structures with primarily trophic function which actually play important roles in sexual interaction might be a strong indication that sexual selection operates on the determination of body size difference between males and females of a population. The reproductive period the A. paulensis (5 to 6-months) observed in this study is of intermediate length, considering the range of 2 to 12 months found among aeglids (see Tudge, 2003; Bueno and Shimizu, 2008; Rocha et al., 2010 for review). Bueno and Shimizu (2008) reported that reproductive periods of aeglids tend to be shorter towards lower latitudes and proposed a hypothesis which states that by dispersing form high to low latitude regions (Pérez-Losada et al., 2004 ) these animals had their breeding period progressively constrained by temperature conditions that deviated from optimal values for breeding (low with little variation) and to more frequent occurrence of harsh stream velocity conditions (due to wider rainfall range) which has been reported to be avoided by juveniles (Bahamonde and López, 1961; López, 1965; Rodrigues and Hebling, 1978; Bueno and Bond-Buckup, 2000; Swiech-Ayoub and Masunari, 2001a; Noro and Buckup, 2002) and females carrying eggs (López-Greco et al., 2004; Teodósio and Masunari, 2009) , being presumably unfavorable to survival of immature individuals. Considering the latitude and the climate conditions at the sampling site (mean 6 SD temperature 5 20.0 6 2.53uC; mean 6 SD rainfall 5 112.9 6 74.94 mm, as calculated from climatic data obtained from EMBRAPA/ ESALQ-USP, 2003), the reproductive period observed in the A. paulensis population from the Jaraguá State Park is in accordance to the pattern described by Bueno and Shimizu (2008) and seems to reinforce their hypothesis.
In aeglids, courtship and mating probably take place when the ovaries are fully matured and oviposition is imminent, as observed in A. platensis by Almerão et al. (2010) . In A. paulensis, the consistent pattern of temporal variation of females with fully developed ovary and those carrying eggs (Fig. 2B) suggests that mating took place by late February through March when oviposition is imminent (Fig. 2B) . Similarly to Aegla franca Schmitt, 1942 and Aegla strinatii Türkay, 1972 (see Bueno and Shimizu, 2008; Rocha et al., 2010) , oviposition in A. paulensis is total and occurs only once within the seasonal reproductive period.
Available data on overall sex ratio in aeglids (Table 1 ) include cases in which it was unbiased (females/males . 0.88), slightly skewed toward males (females/males ranging from 0.74 to 0.88), and markedly skewed towards males (females/males , 0.74). The two latter patterns has been attributed to behavioral difference between sexes during the breeding period when berried females would stay sheltered in the substrate (Swiech-Ayoub and Masunari, 2001b; Noro and Buckup, 2002; Fransozo et al., 2003; Teodósio and Masunari, 2009 ) which would make them less suitable to capture and thus, less numerous in samples than males. This interpretation is fairly reasonable since: 1) reclusive behavior was actually observed in ovigerous females of A. castro and A. schmitti in laboratory conditions (Swiech-Ayoub and Masunari, 2001b; Teodósio and Masunari, 2009) ; 2) strong male predominance during the reproductive period were reported for several aeglid populations (Rodrigues and Hebling, 1978; Noro and Buckup, 2002; Fransozo et al., 2003; Teodósio and Masunari, 2009 ; present study); 3) as seen in Table 1 , biased sex-ratios were more frequently obtained when collecting methods based on attraction of with baits (traps and manual capture), which depends on the level of activity of individuals, than when animals were actively caught with hand nets, which provided proportions which were unbiased or slightly skewed towards males [the malebiased sex ratio obtained for the A. paulensis population from Paranapiacaba sampled with hand nets presumably resulted from the sampling scheme adopted by López (1965) which lasted 6 months only and included most of the breeding period].
Analyzing the consistent three-period pattern of temporal variation of sex-ratio obtained for the adult A. paulensis population here studied ( Fig. 2A ; see also Results) under this assumption that susceptibility to capture by traps vary according to the level of activity, together with the reproductive cycle (Fig. 2B ) and the temporal sequences of frequency distributions in CL classes (Fig. 3) we propose the following hypothetical life cycle events during the adult phase:
1) The non-skewed sex ratio during non-reproductive periods suggests that males and females were similarly active.
2) The marked increase in the proportion of females which preceded each reproductive period suggests that they become highly active and since 50% of the females showed ovaries in late development stage, we propose that this increased activity of females are related to mating ( Fig. 2A, B) . 3) Proportion females decreased and remained low during the reproductive period due to the reclusive behavior while incubating the eggs as discussed earlier (also reported by Burns, 1972; Tudge, 2003; Colpo et al., 2005) . 4) The one-month long decrease in abundance of females (immediately before mating) and males (some time after mating) suggests the occurrence of a synchronic molt in each sex, including the pubertal one of the cohort recruited in the previous year, during which individuals remained reclusive and are not sampled by traps. This is reinforced by the data on the following month in which the sampled individuals resume previous abundance levels and are considerably larger than two months before (Fig. 3) .
Single annual recruitment event as shown by A. paulensis has also been documented or implicitly suggested for other aeglid species (Rodrigues and Hebling, 1978; Bueno et al., 2000; Noro and Buckup, 2003; Boos Jr. et al., 2006; Gonçalves et al., 2006; Silva-Castiglioni et al., 2006; Bueno and Shimizu, 2008; Teodósio and Masunari, 2009; Rocha et al., 2010) , although exceptions consisting of more than one recruitment event per year have also been reported (Swiech-Ayoub and Masunari, 2001a; Colpo et al., 2005) .
Although the limited number of studies and differences in estimation methods of growth parameters and possibly of longevity estimation restricted detailed comparisons, the compiled data suggest that A. paulensis, grows more slowly, attains size at onset of sexual maturity later, and lives longer than most of the other species, especially those found in higher latitude locations (. 25uS) which apparently attain maturation size in about half of the time (Tables 2, 3 ). In functional terms, A. paulensis was similar to A. franca and A. strinatii that took 21 months before their first mating took place (Bueno and Shimizu, 2008; Rocha et al., 2010) . Conversely, at least two species from higher latitude locations become functionally mature much earlier: for Aegla platensis Schmitt, 1942 maturity was attained in 12.6-15.6 months and the reproductive period lasted year round, enabling the individuals to breed soon after maturation (Bueno and Bond-Buckup, 2000) ; in the case of Aegla longirostri Bond- Buckup and Buckup, 1994 , considering the approximately 6-months maturation time, individuals produced in the reproductive peaks of February and October bred for the first time in about 8 and 12 months, respectively (Colpo et al., 2005; Silva-Castiglioni et al., 2006) .
Comprehension of these differences in life cycle pattern depends largely on identification and understanding of the causal effects of variations in growth. Silva-Gonçalves (2009), after considering several environmental factors that might influence growth in decapod crustaceans (temperature, photoperiod, climate-induced hydrology, and food availability), suggested that the low mean annual temperature recorded in the region where Aegla leptodactyla Buckup and Rossi, 1977 occurs might have caused this species to grow more slowly than the other studied aeglid species. While this might apply to the species compared by these authors (all occurring in latitudes higher than 25uS), the present results obtained for A. paulensis suggest that other factors should be considered in a wider geographic range, since the growth of this latter population is slower than that of A. leptodactyla, while living in a region with mean temperature similar to the areas inhabited by the other higher latitude species. In addition, another lowerlatitude, warmer environment inhabitant, A. franca, grew in a very similar way to A. leptodactyla (Table 2) .
This regional variation in life cycle traits of aeglids, if confirmed, will add new insights to the geographical differences in biological patterns previously detected in terms of the reproductive period (Bueno and Shimizu, 2008) . To make this possible the addition of future data on other species (particularly those from lower latitudes) to the currently available information would be valuable. Ideally methodology of estimation of growth parameters and longevity should be standardized to make results fully comparable. Table 3 . Maturation time with corresponding size at the onset of maturity (three estimation methods for females) and longevity of males and females of aeglid species from different geographical localities. References are as in Table 1 , except: 1 - Shimizu (2008, 2009 , and in preparation) 13 -Bueno and Bond- Buckup (2000) and Bueno et al. (2000) . Size variable codes are as in Table 1 . * 5 midpoint of the smallest class containing ovigerous females; ** 5 longevity estimation based on 95% percentile from the overall CL dataset (estimation method unknown for the other species). N.A. 5 not available. 
